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Abstract 
The objective of the research is the evaluation of the thermoacoustic cooler application for LNG vapor recondensation. The 
analytical and calculation study results are presented in the paper, engineering solutions are proposed. The obtained solutions 
allow to conclude about the possibility of thermoacoustic cooling application for the natural gas recondensation.  
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1. Introduction 
The natural gas storing in stationary facilities and in transport can be implemented in two ways: by the 
compressed natural gas (CNG) or liquified natural gas (LNG) appliance depending on the region infrastructure. For 
instance, city buses run on CNG which quantity in tanks is sufficient for en route traffic.  At the rout terminals a bus 
is filled from the stationary or mobile CNG source.  
On the inter-city routes the natural gas applying is problematic as a result of the natural gas fuel stations chain 
absence on most of the routs outside the major population centers. This is particularly true for Siberia where a large 
area coincides with low population density. 
The natural gas applying problem is even more acute for river vessels travelling down the Russian rivers in low 
populated territories or in some cases even unpopulated ones over many hundreds of kilometers. Even in natural gas 
rich Siberia, river vessels are required to cover hundreds and often thousands of kilometers to be filled with it. 
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2. The study subject 
For such long distances covering, CNG becomes unprofitable and sometimes impossible because of the tanks 
large volume and weight. However, LNG should be stored on board the transport at cryogenic temperatures, this 
results in expensive superinsuated or powder and vacuum thermal insulated tanks  (Fig. 1) [1]. 
 
 
Fig. 1. The superinsulated cryogenic tank for LNG. 
In some cases consumers installations cannot fully extract the evaporative LNG amount on account of the 
geographical and meteorological conditions, forced stops or large LNG reserve. This results in the natural gas loss 
which is unprofitable, fire dangerous and environmentally harmful.  
There are two reasonable solutions possible.  
The first one: in recent years a number of nonvacuum polymer thermal insulated cryogenic tanks for LNG was 
developed (Fig. 2) [2].  
 
 
 
Fig. 2. The polymer thermal insulated cryogenic tank for LNG. 
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Modern polymer foams such as polyurethane foams have low thermal conductivity, high humidity resistance and 
low-temperature resistance. On storage period such cryogenic tanks for LNG concede to the vacuum ones but offer 
high performance. LNG non-draining storage period in superinsulated tanks is only twice higher than for polymer 
thermal insulated ones. Regarding the superinsulated tanks cost, it is from 1.5 to 1.7 time higher than the polymer 
thermal insulated tanks one is. 
The second engineering concept is suggested by the orbital space technology experience where cryogenic liquid 
storage period is increased by means of this liquid vapors recondensation. The recondensation system producing 
cold at the required for vapor condensation and liquid return to the tank temperature level is installed on the 
cryogenic tank. Consequently, cryogenic liquid storage period in such tank can be unlimited. Other advantages of 
tanks with vapor recondensation include the cryogenic liquid storage possibility at lower pressure and the vapor 
leakage absence decreasing the tank manufacturing and operation cost   
3. Methods 
Gas cryogenic Stirling refrigerators are used as cooling systems for cryogenic liquids vapors recondensation. For 
all its advantages, these refrigerators have comparatively low operational life, poor reliability and high cost. 
Nowadays LNG vapor recondensation can be implemented most effectively, technically easy and reliably under 
the thermoacoustic effect which is that during clockwise thermodynamic cycle the thermal energy is converted into 
the acoustic one, while during the inverse thermodynamic cycle the acoustic energy generates cold [3]. 
Practically any heat sources: isotopic, electric heaters, solar power, as well as LNG vapors from the same tank 
can be used as the energy source for such LNG vapors recondensation heat-using thermoacoustic systems.      
In fact, thermoacoustic coolers find a wider application nowadays [3]. They have a number of undeniable 
advantages, such as the absence of moving parts, the comparatively low pressure of the working body, the absence 
of mechanical vibrations, the absence of regular maintenance necessity. The above mentioned factors turn 
thermoacoustic coolers the most perspective among all heat-using ones. 
Figure 3 shows the thermoacoustic cooler (TAC) scheme.  
 
Fig. 3. The thermoacoustic cooler scheme: 1, 5, 9 is the acoustic volume, 2 is the hot heat exchanger, 3 is the hot STACK, 4,6 is the heat 
exchanger of heat removal, 7 is the cold STACK, 8 is the cold heat exchanger. 
Gas is the TAC working body. The working body pressure does not exceed three atmospheres. Thermoacoustic 
generator consists of two heat exchangers 2 and 4, hot STACK 3 and acoustic volumes 1 and 5. Heat is supplied to 
the hot heat exchanger 2. Temperature gradient should be maintained on the hot STACK 3, therefore heat removal is 
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performed on the heat exchanger 4. TAC also consists of two heat exchangers 6 and 8, cold STACK 7 and acoustic 
volumes 1, 5 and 9. Acoustic wave passing through the cold STACK 7 creates temperature gradient. Heat removal 
from the cooled object is conducted on the cold heat exchanger. The emission of heat required to be removed, for 
example, into the environment is carried out on the heat exchanger 8 [4].      
TAC have a number of useful properties for LNG storage technology: the absence of mechanically moving 
details and parts which makes possible to achieve long service life, high reliability and absence of vibrations; they 
can use not only electrical but also thermal energy for the operation; such TAC do not require redundancy and 
maintenance.         
TAC main elements defining energy and mass and dimension characteristics are warm and cold regenerative heat 
exchangers - STACKs [5]. They are subjected to severe and frequently conflicting requirements: heavy temperature 
gradient at the ends for high capacity, high thermodynamic efficiency and low temperature gradient for heat 
conductivity loss reduction; STACKs length decreasing is determined by acoustic loss, while STACKs length 
increasing is determined by heat conductivity loss and heat exchange surface increasing; channels diameter 
increasing and their quantity decreasing are necessary for heat exchange surface increase. Channels roughness 
increasing improves heat exchange but increases acoustic and hydraulic losses, STACKs materials heat conductivity 
ratio increasing makes possible to improve efficiency but also increases heat conductivity loss along the STACKs 
length. 
4. Results and discussion 
Figure 4 shows the temperatures distribution along the warm STACK length at TAC different operating modes. It 
is obvious that the temperature distribution can be both practically linear that positively impacts the efficiency and 
highly nonlinear one. 
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Fig. 4. The temperature distribution along the glass length at TAR different operating modes. 
The basic scheme of the LNG vapors thermoacoustic recondenser (TAR) in the polymer polyurethane tank is 
presented in Fig. 5. 
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Fig. 5. The LNG vapor TAR scheme in the polymer tank: 1 is the air supply for TAC cooling and to the furnace, 2 is the heat exchanger of heat 
removal from the TAC, 3 is the TAC, 4 is the LNG condensate, 5 is the condenser, 6 is the LNG vapors, 7 is the LNG filling valve 8 is the 
electromagnetic valve of the LNG vapors supply to the consumer, 9 is the electromagnetic valve of the LNG vapors supply into the gasifier, 10 is 
the LNG filling, 11 is the LNG vapors supply to the consumer, 12 is the LNG supply into the gasifier, 13 is the LNG, 14 is the polymer thermal 
insulated tank, 15 is the LNG vapors, 16 is the electromagnetic valve of the LNG vapors supply into the TAC. 
Under the action of heat leakage from the environment through the polymer thermal insulation in the tank 14 the 
LNG   is evaporated and supplied to the consumer through the electromagnetic valve 8. If the LNG vapors amount is 
low for the consumer, then the LNG is supplied into the gasifier where it is evaporated and further supplied to the 
consumer through the electromagnetic valve 9. In case the evaporated in the tank 14 natural gas amount exceeds the 
demand, the LNG vapors 15 are supplied into the TAC through the electromagnetic valve 16 where they are 
combusted when generating cold and heat. The heat is removed in the heat exchanger 2 by the air 1, while the cold 
heat carrier enters the condenser 5 on which LNG vapors 6 are condensed and flow in the form of condensate 4 into 
the tank 14. The same LNG or gaseous nitrogen can be used as a heat carrier in the cold loop.             
The electromagnetic valves 8, 9 and 16 are operated by the automatic control system (it is not presented in Fig. 
5).  
Since in such a system cold is generated by means of natural gas combustion, then the TAC exergy efficiency is 
essential, as it determines the percentage ratio of the combusted gas to the evaporated one. The transported through 
the supply line natural gas combustion percentage dependence on the TAC exergy efficiency is represented in 
Figure 6. The exergy efficiency of such TAC best engineering samples ranges from 0.9 to 0.97. 
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Fig. 6. The natural gas combustion rate dependence on the TAC exergy efficiency (all the natural gas vapors amount is taken as 100 %). 
Thermoacoustic effect applying makes possible to turn to the environmentally friendly technologies of natural 
gas liquefaction and to reduce environmental impact by means of power consumption decreasing, environmentally 
friendly refrigerants using as well as to reduce the cost, to increase the resource, reliability and availability of natural 
gas, to improve consumer properties.           
The acoustic wave frequency and intensity inside TAC depends on design and operating parameters. When 
designing it is possible to assume measures for reducing noise level outside TAC (the less noise outside, the higher 
TAR efficiency) by means of units geometrical dimensions and acoustic insulation. The acoustic wave frequency 
inside TAC can vary from 30 Hz to 1000 Hz. In such a wide frequencies range the acoustic waves have different 
penetrating power. This factor should be taken into account at the noise isolation system designing. Design errors 
can result in TAC geometrical dimensions discrepancy to the operating modes. In addition, noise isolation in some 
operating modes can work correctly, while in other ones does not work at all. TAC appliance will make possible to 
use LNG for transport filling in the regions with poor infrastructure, its application is technically and economically 
profitable. Such TAC has long operational life and does not require qualified maintenance when operating.         
The thermoacoustic systems state-of-the-art makes possible to apply them for heat-using solar powered TAR 
development. Its operation will be carried out by the solar concentrator applying. TAR having the solar concentrator 
does not require maintenance, does not have moving parts, consequently, is not subject to the mechanical wear and 
has long operational life, and the Sun is an inexhaustible, ecologically clean energy source.  
Such TAR operates as follows. Derived from the sun energy is supplied to TAC generating cold and 
recondensing natural gas vapors by the sun concentrator through the heat pipeline. Heat is removed from the TAC 
intermediate temperature level by the thermal regulation system.  
Solar energy using involves some problems. They are related to the fact that during night time solar energy is not 
supplied to TAC and vapors are not recondensed. In this case the problem can be solved with the help of heat and 
cold accumulator. With the solar radiation, the heat from the solar concentrator is partially accumulated in the heat 
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The thermoacoustic liquefier exergy efficiency 
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accumulator, while at night time it is transferred to TAC providing its operation capability. The cryogenic 
accumulator can reserve cold at TAC operating and dissipate refrigerating capacity stores at night.  
5. Conclusion 
Thus, the reliable highly resourceful system development of LNG storing and recondensation is possible based 
on the solar powered TAR. Such system capacity depends on the luminous flux capacity in the use area, on the solar 
concentrator area, solar concentrator efficiency and TAC efficiency. It should be noted that insufficient capacity can 
be compensated by the concentrator area increasing and its orientation to the Sun. On atmospheric entry the 
luminous flux capacity equals to the solar constant, at the equator it amounts to 70 % of this value, and at some 
distance from the equator it can be equal to 50 % and less. This means that to obtain the same capacity in different 
conditions and regions the solar concentrator can differ in terms of area by several times. In addition, sunny days 
quantity, season and day length should be taken into account.        
The solar powered TAR appliance is preferable in the regions with a large number of sunny days and located 
relatively close to the equator.   
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